In the face of global change, declines in environmental quality are of increasing concern, especially in shallow coastal areas, densely populated and commonly affected by nutrient enrichment. The warm temperate Mondego estuary (Western Portugal), in common with many other shallow estuarine areas, is exhibiting increased macroalgalgrowth due to nutrientenrichment. The increase of macroalgal biomass and possible shift of other primary producers resulting from eutrophication, may have profound effects on estuarine trophic chain. The present paper examined the performance of a holistic Stochastic Dynamic Methodology (SDM) in predicting the tendencies of three representative trophic levels as a response to the increase of nutrient concentrations. Therefore, the proposed methodology has been developed by focusing on the interactions between conceptually isolated key-components, such as primary producers (macroalgae and seagrass), some relevant benthic macroinvertebrates, wading birds and changes in local physicochemical conditions. The dynamic model developed was preceded by a conventional multivariate statistical procedure (stepwise multiple regression analysis) performed to discriminate the significant relationships between prevailing biological and environmental variables. Since this statistical analysis is static, the dataset recorded from the field included true gradients of habitat changes. The data used in the model construction was sampled between January 1993 and September1995 in three areasof theestuary mudflats for benthic macroinvertebrates, macroalgae, environmental and physicochemical factors and from October 1993 to October 1994 for wading birds. The model validation was based on independent data collected in two different periods, from January 1996 to January 1997 andfrom February 1999 to April 2000 forall thevariables selected.Overall, thesimulationresults are encouraging since they seem to demonstrate the model reliability in capturing the trophic dynamics of the studied estuary by predicting the behavioural pattern for the most part of the components selected under a very complex and variable environmental scenario. #
Introduction
Eutrophication of coastal systems is increasing worldwide in response to increased nutrient loading from urban areas and cultivated land areas (Kinney and Roman, 1998; Flindt et al., 1999; Cloern, 2001) . Nutrient enrichment has stimulated opportunistic algal growth leading to the occurrence of macroalgal blooms and extinction of seagrass in shallow areas (Kinney and Roman, 1998; Flindt et al., 1999; Pardal et al., 2000 Pardal et al., , 2004 Kamer et al., 2001 ). The green macroalgae often responsible for these blooms, such as Enteromorpha spp., have high surface area:volume ratios that allow them to rapidly take up nutrients from the water column (Rosenberg and Ramus, 1984) . Following the bloom, decomposing algae contribute significant quantities of dead organic material to the sediments. This may result in the development of anoxic conditions and high hydrogen sulphide concentrations, which are lethal to rooted macrophytes (Pardal, 1998; Terrados et al., 1999) .
In the Mondego estuary, blooms of green macroalgae, primarily Enteromorpha spp., have been observed from early spring to late summer (Pardal et al., 2000 (Pardal et al., , 2004 Cardoso et al., 2002 Cardoso et al., , 2004a , as a clear sign of nutrient enrichment. As a result of competition with algae, the extension of the seagrass meadows (mainly Zostera noltii) has been reduced, which caused a shift in primary producers. Through time, this process gave origin to a new trophic structure (Dolbeth et al., 2003; Cardoso et al., 2004a ). The energy flow at the secondary and tertiary levels will be affected, which may finally affect the populations from the upper trophic level organisms, in this case dominated by wading birds (Cabral et al., 1999; Lopes et al., 2002) . The Mondego estuary, along with other Portuguese estuaries (Tagus, Sado and Minho) and rias (Aveiro and Formosa), supports a large number of waders, due to the existence of suitable supratidal habitats and an important intertidal benthic macroinvertebrate community (Marques et al., 1993) .
One of the great challenges in ecological integrity studies is to predict how anthropogenic environmental changes will affect the abundance of species or communities in disturbed ecosystems (Kareiva et al., 1993; Andreasen et al., 2001 ). Static models with fixed parameters are, in general, unable to estimate the structural changes when the habitat conditions are substantially changing (Jørgensen and Bernardi, 1997) . Therefore, ecological integrity studies have been improved by creating dynamic and structural dynamic models that simultaneously attempt to capture the structure and the composition in those systems (Jørgensen, 1994; Chaloupka, 2002) . The application of ecological modelling is able to synthesize the pieces of ecological knowledge, emphasizing the need for a holistic view of a certain environmental problem, such as the medium-longterm directional disturbances in stressed ecosystems (Brosse et al., 2001; Cabral et al., 2001; Voinov et al., 2001; Jørgensen, 2001; Santos and Cabral, 2003; Cabecinha et al., 2004) . Nevertheless, environmental health assessment and community studies usually result in complex biological data sets. In order to find ecological relevant holistic patterns and tendencies from such sets of data it is necessary to synthesize all the information to a more simplified form (Pardal et al., 2004) . In this scope, an expeditious Stochastic Dynamic Methodology (SDM) has recently been developed and successfully applied in relatively ecological stable systems, such as mountain freshwater running waters (Cabecinha et al., 2004) and mediterranean agroecosystems (Santos and Cabral, 2003) .
Since many studies refer that changes in primary producers due to eutrophication affect the production of the other trophic levels (Flindt et al., 1999; Pardal et al., 2000 Pardal et al., , 2002 Beukema et al., 2002; Cardoso et al., 2002) , the main objective of the present paper was to demonstrate the applicability of a holistic SDM approach in the scope of the trophic dynamics resulting from changing complex and variable environmental scenarios. Therefore, the goal of this study is to construct a simple demonstrative SDM model by focusing the interactions between conceptually isolated key-components in the Mondego estuary, namely between three selected trophic levels (primary producers, benthic macroinvertebrates and wading birds) and physicochemical conditions. A previous overview of this problematic in Mondego estuary, suggested that these trophic levels have several characteristics that justified their relevance as ecological indicators: (1) they usually occur in high densities/biomass in the studied areas, (2) they provide cheap and easy measurements if standard methodol-ogies are applied, (3) they are sensitive to environmental changes, (4) several species were studied intensively with regard to their natural variation, (5) for many species, demography, behaviour, distribution and phenology are connected with seasonal and spatial changes through gradients of estuarine eutrophication and (6) they have the capacity for population recovery in response to good management procedures (Cabral et al., 2001; Kamer et al., 2001; Cardoso et al., 2002 Cardoso et al., , 2004a Lopes et al., 2002; Marques et al., 2002; Múrias et al., 2002; Dolbeth et al., 2003) . The hypotheses to be tested include: (1) that the selected levels are representative of the estuarine trophic chain that changes in some predictable way with increases of anthropogenic influence and (2) that the relevant ecological drifts observed can be represented by the state variables, assumed as important key-components, used in the dynamic model construction. These hypotheses were tested by new applications of the SDM in order to capture, in a holistic perspective, the complexity of some ecological processes resulting from the gradients of the ongoing environmental changes in the studied estuarine ecosystem.
Materials and methods

Study area
The Mondego estuary (40808 0 N, 8850 0 W) is located in a warm temperate region with a basic Mediterranean temperate climate. The estuary is 7 km long and 2-3 km wide, covers an area of 1072 ha and consists of two different arms, north and south, separated by an alluvium-formed island (Murraceira island) (Fig. 1) . Two main different types of communities were identified in the south arm mudflats Dolbeth et al., 2003) : (1) Z. noltii meadows in downstream areas where the nutrient concentration is lower (Fig. 1, area A) . These meadows have a diversified macroinvertebrate assemblage where Hydrobia ulvae represent about 75% of the total yearly production (Dolbeth et al., 2003) ; (2) an Enteromorpha dominant community, with the main presence of Cyathura carinata populations, is found in the upstream areas with lower salinity values and higher nutrient concentration in water (Fig. 1, area C) . A third area was considered as an intermediate situation ( Fig. 1, area B) , in terms of nutrient enrichment, to complete the spatial gradient of eutrophication in the Mondego estuary (Dolbeth et al., 2003; Pardal et al., 2004) . Sampling occurred in these three areas of the south arm (Fig. 1) , where water circulation is dependent on tidal activity and on small freshwater input from a tributary, the Pranto river, which is artificially controlled by a sluice and regulated according to the water needs in rice fields from the Pranto valley (Flindt et al., 1997; Pardal et al., 2000; Dolbeth et al., 2003) . The freshwater discharge proceeding from the Pranto into the south arm represents an important inorganic nutrient input to the system (Flindt et al., 1997) due to fertilizers used in the rice crops (Anastácio et al., 1999; Lillebø et al., 1999a; Pardal et al., 2000) . Although a large part of the southern arm intertidal area still remains more or less unchanged, macroalgae blooms have been regularly observed over the last 2 decades (Pardal et al., 2000; Dolbeth et al., 2003) . This is probably a result of excessive nutrient release into the estuary, coupled with longer persistence of inorganic nutrients in the water column (Flindt et al., 1997; Martins et al., 2001 ).
Field programme
Physicochemical factors of water and sediments, macrophytes, macroalgae and benthic macroinvertebrates were monitored in three different periods: (a) every 2 weeks from January 1993 to December 1994 and then monthly until September 1995 at the three study areas of the south arm of the estuary (A-C, Fig. 1 ), (b) monthly from January 1996 to January 1997 and (c) from February 1999 to April 2000 only in areas A and C (Pardal et al., 2000; Martins et al., 2001) . The counts of feeding wading birds were carried out fortnightly from October 1993 to October 1994 (Cabral et al., 1999) and monthly from January 1996 to January 1997 and from February 1999 to April 2000 along the entire south arm .
Data analysis
The SDM model proposed is preceded by a conventional multivariate statistical procedure. A stepwise multiple regression analysis (Zar, 1996) was used to test for relationships between dependent and independent variables. The dependent variables, selected as representative of the estuarine trophic chain, were: (a) the total biomass of the green macroalgae (resulting from the sum of Enteromorpha spp. and Ulva spp. biomass), (b) the biomass of Z. noltii, (c) the biomass of two key-species of the macroinvertebrate community (H. ulvae and C. carinata) and (d) the number of species and number of individuals of waders. From a bottom up perspective, each living component interacting with other living components (e.g., competition and predation interactions) and non-living features of their shared habitat. Therefore, a step down procedure was used so that the effect of each variable in the presence of all other pertinent variables could be examined first with the least significant variable being removed at every step. The analysis stopped when all the remaining variables had a significant level P < 0.05 (Zar, 1996) . Despite the limitations inherent to a academic demonstration, this procedure gives realism to the trophic interactions considered by incorporating into the model a typical ''cascade effect'' observed in the dynamic of these communities (Dolbeth et al., 2003) . In fact, nutrient-stimulated macroalgal mats may determine severe effects on macrophyte-dominated systems, the success of predaceous macroinvertebrate feeding on infaunal communities, the efficiency of shorebirds seeking prey on marsh mudflats, and many others upwardly cascading effects (Cabral et al., 1999; Valiela et al., 2004) . Therefore, in order to simplify the model structure, only the main trophic key-components were introduced as representative ecological indicators, but which obviously could be complemented by other relevant state variables or other dynamic variables in further applications. The specifications of all variables considered are indicated in Table 1 . Although the lack of normal distribution of the dependent variables was not solved by any transformation (KolmogorovSmirnov test), the linearity and the homocedasticity of the residuals were achieved by using logarithmic transformations (X 0 = log 10 [X + 1]) in each side of the equation, i.e., on both the dependent and independent variables (Zar, 1996) . The lack of substantial intercorrelation among independent variables was respected by the inspection of the respective tolerance values. All the statistical analysis was carried out using the software SYSTAT 8.0
1 . Since the previous statistical procedure were based on data sets that include true gradients of environmental and biological characteristics, over space and time, the significant partial regression coefficients were assumed as relevant holistic ecological parameters in the dynamic model construction. This is the heart of the philosophy of the SDM. In a holistic perspective, the partial regression coefficients represent the global influence of the environmental and trophic variables selected, which are of significant importance on several complex ecological processes. Yet, the latter were not included explicitly in the model, but were related to the state variables under consideration. Such procedure was based on data from January 1993 to September 1995 at the three study areas (Fig. 1) , excepting wading birds counts carried out from October 1993 to October 1994 along the entire south arm. To develop the dynamic model we used STELLA 5.0
1 . For validation purposes, biological and physicochemical data, from two independent periods (January 1996 -January 1997 and February 1999 -April 2000 , were used to confront the simulated values of a given state variable with the real values of the same component. A regression analysis (MODEL II) was performed to compare the observed real values of the selected trophic components with the expected values obtained by model simulations for the same periods. At the end of each analysis, the 95% confidence limits for the intercept and the slope of the regression line were determined which, together with the results of the respective analysis of variance (ANOVA), allowed to assess the proximity of the simulations produced with the observed values (Sokal and Rohlf, 1995) . When the results of the regression analysis were statistically significant, i.e., when the intercept of the regression line was not statistically different from 0 and the slope was not statistically different from 1, the model simulations were considered validated (Sokal Table 1 Specification of all variables considered in this study (IN and OUT represent, respectively, the surviving independent variables (used in the dynamic model construction) and the removed independent variables by a previous step down multiple regression analysis.) 
Results and discussion
Effects of environmental factors in trophic levels
A stepwise multiple-regression analysis was used to search for significant correlations between biological and environmental variables of the three areas used in the model construction. The first trophic level (primary producers) was affected by several physicochemical parameters (Table 2 ). Significant negative correlations were also detected between Z. noltii (ZOST) and Enteromorpha spp. (ENT) biomass, which revealed either different spatial habitat occurrences or some degree of competition between these two autotrophic components. For the second trophic level, the physicochemical and primary producers' biomass variables seemed to be the main influencing factors on H. ulvae (HYD) and C. carinata (CYAT) biomass tendencies (Table 2 ). From the upper trophic level, the number of wading bird species (SPBIRD) was influenced by the preceding level (concretely by C. carinata biomass), by the substrate grain size and photoperiod (Table 2) . With regard to the total number of birds (TBIRD), this measure was significantly correlated only with photoperiod (Table 2) , an independent variable not related directly with the environmental changes studied. All the biological and physicochemical significant influences are expressed in Table 2 .
Conceptualization of the model and equations
The diagram of the model presented in Fig. 2 is based on the relationships detected in multiple regression analysis (Table 2 ) and on existing relevant regional data sets. Therefore, the model includes the following seven state variables: three related to the primary producers biomass, two related to the macroinvertebrate biomass and two related to the wading bird number of individuals and species, respectively (Fig. 2) . Since difference equations that describe the processes affecting the state variables are expressed in a logarithm of the biological variables (Table 3 , difference equations), the initial values of all state variables, indicated in Table 3 (process equations), are expressed in a logarithm of the respective Table 3 Mathematical equations used in STELLA for the trophic relationships between the biological and the environmental variables Difference equations log CYAT(t) = log CYAT(t À dt) + (CYAT gains À CYAT losses À CYAT adjust) Â dt log ENT(t) = log ENT(t À dt) + (ENT gains À ENT losses À ENT adjust) Â dt log HYD(t) = log HYD(t À dt) + (HYD gains À HYD adjust) Â dt log SPBIRD(t) = log SPBIRD(t À dt) + (SPBIRD gains À SPBIRD losses À SPBIRD adjust) Â dt log TBIRD(t) = log TBIRD(t À dt) + (TBIRD gains À TBIRD losses À TBIRD adjust) Â dt log ULV(t) = log ULV(t À dt) + (ULV gains À ULV adjust À ULV losses) Â dt log ZOST(t) = log ZOST(t À dt) + (ZOST gains À ZOST losses À ZOST adjust) Â dt log PHOTPER = log(PHOTPER + 1) log OM = log(OM + 1) log NH 4 = log(NH 4 + 1) log O 2 = log(O 2 + 1) log pH = log(pH + 1) log SALIN = log(SALIN + 1) log SILIC = log(SILIC + 1) log MSUB = log(MSUB + 1) log TIMERES = log(TIMERES + 1) SPBIRD = ( (0.00, 10.6), (1.00, 11.5), (2.00, 12.6), (3.00, 13.6), (4.00, 14.5), (5.00, 8.90), (6.00, 11.6), (7.00, 16.3), (8.00, 13.0), (9.00, 13.7), (10.0, 13.4), (11.0, 5.50), (12.0, 13.4) pH = Graph (month, pH units) (0.00, 8.48), (1.00, 8.77), (2.00, 8.43), (3.00, 9.41), (4.00, 9.46), (5.00, 9.28), (6.00, 9.15), (7.00, 9.52), As an example, the environmental data of the sampling area C (from January 1996 to January 1997) was used. The specification of all variable codes is expressed in Table 1 . Table 1. units. Later, for validation purposes, the initial value (January 1996 and February 1999) was discarded, since only in t 1 (first point of the simulation) it was possible to take into account the influences of the environmental variables, whose seasonal fluctuations were introduced into the model as table functions (Table 3, table functions ). The inflows affecting the ecological state variables, Enteromorpha (ENT gains), Ulva (ULV gains), Zostera (ZOST gains), Hydrobia (HYD gains), Cyathura (CYAT gains), number of bird species (SPBIRD gains) and total number of birds (TBIRD gains) were based on the positive constants and all positive partial coefficients of each variable resulting from the previous multiple regression analysis ( Fig. 2 ; Tables 2 and 3 , difference and process equations). On the other hand, with exception of Hydrobia biomass (log HYD), all variables were affected by an outflow (ENT losses, ULV losses, ZOST losses, CYAT losses, SPBIRD losses and TBIRD losses) related to the negative constants and partial regression coefficients ( Fig. 2 ; Tables 2 and 3 , difference and process equations). Although biomass output for each metric in our SDM model simulation is composed of a given value per time unit, the respective state variable might have a cumulating behaviour over time in response to environmental condition changes. Therefore, to prevent this from happening, seven outflow adjustments were incorporated in the model (ENT adjust, ULV adjust, ZOST adjust, HYD adjust, CYAT adjust, SPBIRD adjust and TBIRD adjust). These outflow adjustments aim to empty the state variables at each time step, by a ''flushing cistern mechanism'', before beginning the next step with new environmental influences ( Fig. 2 ; Table 3 , difference and process equations). For process compatibilities and a more realistic comprehension of the model simulations, some conversions were introduced, denominated associated variables ( Fig. 2 ; Table 3 , associated variables). Regarding biological variables, these conversions were obtained through an inverse transformation (anti-logarithmic), which transforms logarithms into the original measurement units (ENT, ULV, ZOST, HYD, CYAT, SPBIRD and TBIRD). The physicochemical variables were logarithm transformed for a compatible integration in the balances of the state variables ( Fig. 2; Table 3 , associated variables). This transformation was incorporated because the data required for the state variables balances should have the same units used to obtain the partial regression coefficients, assumed as holistic ecological parameters (see Section 2). Therefore, only logarithms of the physicochemical variables are acceptable in the inflows and outflows of the state variables ( Fig. 2 ; Tables 2 and 3, difference and  process equations) . Thus, the model is prepared for receiving and transforming real data from the environmental variables and to convert logarithmic outputs from state variables simulations into original units. Total green macroalgae biomass (TGM), resulting from the sum of the associated variables ENT and ULV, was used to complete the output of the model and named composed variable (Table 3 , composed variables). Some environmental values, such as medium substrate grain size (MSUB) and water residence time (TIMERES-time needed to renovate 90% of a certain initial volume of water) in each sampling area were assumed as static (Duarte et al., 2001) , without any variation during the simulated period, and therefore, were introduced as environmental constants (Table 3 , environmental constants).
Model simulations
The temporal unit chosen was the month because it captures in an acceptable way the average ecological variations that occur in the Mondego estuary. The simulations performed were divided in two periods: from January 1996 to January 1997 and from February 1999 to April 2000. Since the values of the first month for each period were used as initial values (t 0 ), the simulations started effectively in February 1996 and March 1999.
The Fig. 3 illustrates the confrontation between simulated and the real values for all the biological variables under consideration. The available observed data from the sampling campaigns carried out in the last years allowed us to compare values for primary producers in areas A and C, for benthic macroinvertebrates only in area C and for wading birds in the south arm as a whole. For three of the eight simulations performed, the model predicts with success the behaviour of the total green macroalgae biomass in area A, the number of bird species (SPBIRD) and the total number of birds (TBIRD) in the entire south arm (Fig. 3) , which were statistically validated by the Fig. 3 . Graphical comparisons between simulated (dashed line) and observed (solid line) values of the following biological variables: total green macroalgae biomass (TGM), Zostera noltii biomass (ZOST), Hydrobia ulvae biomass (HYD), Cyathura carinata biomass (CYAT), total number of birds (TBIRD) and number of bird species (SPBIRD). A and C are the two sampling areas, from which the available data is used for validation purposes.
MODEL II regression analysis (Table 4 ). The photoperiod was the only single factor with significant influence on TBIRD. Nevertheless, this simplistic cause-effect relationship produces very good estimations of the total number of birds that use the south arm through the studied periods. Although photoperiod is a well-known factor that determines wader migrations, the respective variation is obviously indifferent to the ongoing local environmental changes in the studied mudflats. The resultant independent ''steady state'' may be explained by the observations of Múrias et al. (1996) suggesting that the presence of algae over the sediments did not strongly influence the abundance of the feeding waders in the south arm of the Mondego estuary. With regard to C. carinata biomass (CYAT), the performance of the model in predicting the respective tendencies in area C is almost significant (P = 0.07, Table 4), with a seasonal stable pattern (Fig. 3 ) that is consistent with the population trends from the south of Europe (Bamber, 1985; Sola and Arzubialde, 1993; Marques et al., 1994; Pardal et al., 2002) . Despite the non-significant results for the remaining variables, we could easily recognize logical behavioural patterns, although sometimes underestimated or overestimated, in the simulations for Z. noltii biomass (ZOST) in area A and total green macroalgae biomass in area C ( Fig. 3; Table 4 ). Since it was not possible to validate the simulations produced for Z. noltii biomass (ZOST) in area C, the performance was empirically assessed by the inspection of the degree of coincidence between simulated and observed values. From a total of 26 points (months) simulated, 16 were coincident with real data, which represents 61.5% of coincidence (Fig. 3) . Moreover, the model reacted in a differentiated way between area A, with favourable conditions for Z. noltii occurrence in high biomass values, and area C, where the conditions needed for the establishment of a community of Z. noltii were deficient (Lillebø et al., 1999b; Pardal et al., 2000; Martins et al., 2001) (Fig. 3) . The worst performance of the model, in terms of both statistical results and behavioural patterns, was obtained for H. ulvae biomass estimates, which are systematically overestimated in area C ( Fig. 3; Table 4 ). Although some studies reveal H. ulvae as an important prey item in waders' diet (Raffaelli and Milne, 1987; Múrias et al., 2002) , others categorised it as a low-quality food item (Aarnio and Matilla, 2000) . In our model only C. carinata biomass was selected as an influent positive factor on the upper trophic level dynamics, represented by the number of wader species (Fig. 2) . These results are in agreement with Lopes et al. (1998) , who described C. carinata as an important prey for waders in the Mondego estuary.
The monitoring of the proposed ecological indicators, specially focused in the Z. noltii beds, was included on ecosystem health assessments carried out for the south arm of the Mondego estuary since 1998. In this scope, some mitigation actions were implemented: (1) the water circulation was partially re-established allowing freshwater inputs from the north arm every high tide situations (favouring nutrients dilution and decreasing the water residence time) and (2) the nutrient loadings were reduced by correcting the inappropriate sluice handling and fertilizers overloading (Verdelhos et al., 2005) . In such programs, the rapid construction of predictive tools for ecological management, namely in terms of cost and speed of reliable assessment results, is crucial. Overall, the model simulations shows that the ecological indicators represented by the state variables are sensitive to the studied environmental changes, capturing the ''trophic cascade'' dynamics that typically occur in estuarine ecosystems. Therefore, the further improvement of our SDM model will be integrated in the Mondego estuary management program.
Conclusions
The objective of the holistic methodology proposed is a mechanistic understanding of the trophic dynamics, based on stochastic principles, from which management strategies can be designed to restore coastal ecosystems functions and biological communities that have been damaged by the eutrophication phenomena. Our approach includes any kind of trophic interaction between biological key-components and environmental resources, with holistic and ecological relevance, and reduces the number of preconceptions added to the model. Therefore, this study seems to represent a useful initial contribution to give a consistent mechanistic basis for the holistic assessment of the ecological status within the ''data space'' of the environmental gradients monitored in changed ecosystems. Another goal when developing methodologies for assessing changes in the ecological integrity of ecosystems is the feasibility of application and extent to which the results can be applied in other areas (Andreasen et al., 2001) . In fact, the SDM is expeditious and easily applicable to other type of natural, semi-natural and artificial ecosystems affected by gradients of changes (Santos and Cabral, 2003; Cabecinha et al., 2004) .
Overall, the main results showed that, as with any complex process in science, it is valid, interesting, and instructive to construct stochastic dynamic models by focusing on the interactions between key-components of changing natural ecosystems. This approach also provides a useful starting point, allowing the precise development of more complicated models, with introduction of other mechanisms and interactions with precise applicability conditions. The ultimate goal is to produce simulation models that permit the creation of landscape patterns from changes in ecosystems, whose patterns are the basis of spatially explicit ecological models (Costanza and Voinov, 2003) . Therefore, we believe that our approach will provide the development of more global techniques in the scope of this research area by creating expeditious interfaces with Geographic Information Systems, which will make the methodology more instructive and credible to decision-makers and environmental managers (Costanza, 1992; Santos and Cabral, 2003) .
